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Issues 

• Development of financial market in England

• Contrast between England and France

• England
• All debt before 1750 was redeemable at par
• Loans during the Seven Years war (1756-1763) had a fixed term
• Loans during the American war were redeemable again

• Today: we focus on two events
– 1737: failure
– 1749: success

• France
– redeemable debt was used under Louis XIV
– Colbert managed a successful reduction of the interest rate in the 1680’s
– Law experience
– Not one redeemable bond in the 18th century, all life-time annuities (like retirement 

account) and loans with fixed time of reimbursement 2



In the 30’s most of the debt is at 4% or higher

3Source: Grellier (1810)



Possible financial policies 

• Fixed term loans of 10, 20, 30 years or life-time annuities
– Method in France: very expensive since the terms of the loans are set during the war 

when the interest rate is high

• During the war, issue short-term debt and refinance after the war (when the interest 
rate has fallen again)
– Some have alleged that this was the method in England
– No data that this refinancing took place (a little more after 1783)

• Policy actually followed: issue long-term debt that is redeemable 
– The government (borrower) can buy back the bond (annuity) at the face value, is at 
“par”, usually 100.

– To buy back old loans, the government would need to issue new loans (at the 
current interest rate that would be lower)

4



Overall view

• Let p be the price of a perpetual 
annuity (consol) with payment 
(coupon) c per year

• Long-term interest rate R

• Then: p = c / R
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During the war, the price 
of the consol falls :        

the interest rate rises  

Borrowing is high when 
its cost (the interest rate) 

is also high



In the 30’s most of the debt is at 4% or higher
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Policy discussion
• Loans are expensive to issue

• If the 3 percent is at par, paying back 4 percent bond by a new loan at 3 percent is the 
same as reducing the rate of interest on the bonds from 4 to 3 percent.

• Not exactly the terms of the loans; hence some bargaining from the bond holders who 
would like to extract the benefit from saving on the fixed cost of a new loan.

• If the 3 percent falls back to say, 90, the intererest reduction cannot be done, (may be at 
3.5 percent, but this is half measure and not worth the trouble perhaps).  To give some 
insurance against a fall of the the 3 percent when the reduction is actually implemented, 
some additional premium (phased in interest reduction)

• Standard arguments of the widows, etc..

• More interesting: government wants to avoid inside trading )

• Previous shows that: price of the 3 percent must be stable at the time of the call
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Course of the 
exchange
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Prices Consols and Bonds 1746- 1750

• Assumptions
– 3 percent is 

perpetual
– 4 percent is 

callable

q - p



In the 30’s most of the debt is at 4% or higher
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The mid-thirties:
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Source: The Course of the Exchange.
The South Sea annuity is the “New Annuity”. The line is obtained by linear regression.

Figure 7: Prices around March 1737
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The proposal of 
Barnard
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The proposal of Barnard
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5 The reduction attempt in 1737

Interest rates decreased steadily after the South Sea bubble. Annuities at 3% (L
1.0M) were issued in 1726 for the first time, then in 1731, (L 800, 000) and in 1736
(L 300, 000). In 1736, the price of the 3% annuity climbed from 100 to 105 between
January and June, and it was never lower than 105 until March 1737. Since most
of the debt was at 4%, (about L 47 M)24, John Barnard, a Whig MP who was close
to the interests of the small merchants and an enemy of the the infamous practice
of stock-jobbing,” (Cobbett, 1812, p. 514), made a proposal in March 1737 to lower
the interest rate. The attempt failed. After a lively debate, the proposal was quietly
shelved at the end of the following month. The di�erences between the success of 1749
and the failure of 1737 shed some light on the policies of interest reduction in 18th
century England.

The plan of Barnard was to o�er the holders of 4% annuities the choice between the
following options:

1. The conversion of the annuity in cash at par.

2. The exchange for a 3% annuity, non redeemable for 14 years

3. The exchange for a fixed term annuity as described in the first two columns of
Table 2.

4. For owners of at least 44 years of age, the exchange for a life annuity as described
in the last column of Table 2. For example, the life annuity pays 8% for a person
of age 53.

It was a tough plan. The provisions 3 and 4 addressed the usual concerns about
people living of the income from coupons (e.g., older people)25. People choosing the
life annuity had be expect a longer life than the fixed term annuity in item 3. For
example someone age 63 had to expect, to reach, roughly, age 75. Table 2 is revealing
of the principles that guided Barnard. To evaluate the “fairness” of the term annuities
that were proposed in the first two columns of Table 2, consider the formula

Q = (c� 3)
n�

k=1

(1 + r)n�k, (5)

24The sources are the BPP, Grellier (1810) and Cobbett (1812).

25The argument assumes of course that such people could not generate an equivalent stream of

consumption by selling annuities because of transaction costs.

24



Evaluation of the proposal
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24 Table 2: Annuities in the Barnard proposal

1 2 3 4 5 6
Coupon Term Equivalent Value with IRR (%) Life

(years) redemption discount 2.7% at price 110 (age)
4 47 100.3965 105.7950 2.5
5 31 100.0054 104.1036 2.3
6 23.5 100.2972 103.4043 2.13
7 19 100.4675 102.9820 1.98 44
8 16 100.7844 102.8328 1.84 53
9 13.75 100.2907 102.2412 1.64 59
10 12 99.3442 101.3464 1.37 63

Source : History of British Parliament.
For descriptions of computation, see the text.

where c is the coupon of the annuity (column 1 of the table), n is the term of the
annuity (column 2), and r is an interest rate. Since the standard long-term interest
rate at the time was considered to be 3 percent, we use r = 0.03. The formula
computes the amount that a bond holder would have accumulated at the maturity of
the bond if he had consumed the coupons of 3% and invested the surplus in a bond
paying r = 3%. The formula is obviously equivalent to the equation

c
n�

1

1
(1 + r)k

= 3
n�

1

1
(1 + r)k

+
Q

(1 + r)n
.

that expresses the equality between the sum of the present value of the coupons c paid
over the maturity of the annuity, discounted at the rate r, and the present value of
the coupons of 3 over the same maturity with a final payment of Q.

Consider now the following exercise: first, choose a coupon among the integers in
Column 1, then determine the value of the term n (in years, with fractions in quarters
admitted), such that the formula 5 (with r = 3%) generates the value that is the
closest to 100. The solution is the number in Column 2, with the value of Q reported
in Column 2. The exercise shows that the formula (5) was indeed used by Barnard and
that people at the time knew perfectly well how to use compounded interest rates26.

26Such computations are actually mentioned in words during the debates. It is interesting that the

solution is not the same if the period is taken as 6 months instead of a year. (Coupons were paid

twice a year). In the case of The shortest annuity (of 12 years) has a present value below par, but

to reach par the term would have to be extended to 12.25 and the value be 101.81. That would have
been too much for the principled MP.
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Equivalent to the present discount value 
of the coupon = the present discount 

value of 3.   

Take r = 3%   

1. Choose c 

2. For any value 
of the maturity n, 
the formula gives 

Q 

3. Choose n (up 
to a quarter) 
that produces 

the Q closest to 
100



Impact
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Source: The Course of the Exchange.
The South Sea annuity is the “New Annuity”. The line is obtained by linear regression.

Figure 7: Prices around March 1737
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The market was not prepared
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Two shocks
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q – p +100

p

(i). Barnardʼs presentation

(ii). March 29
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Source: The Course of the Exchange.
The South Sea annuity is the “New Annuity”. The line is obtained by linear regression.
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The interest reduction in the Fall of 49

• Prices of 3% at par for a while (see previous figure)



Debt instruments
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Table 1: New loans 1743-1750

1 2 3 4 5 6 7 8
Date Amount Instruments Rate Yield Ex post Market Remarks

L M (%) (%) rate prices
1743 1.8 100(3%) 3.42 3.42 3.42 3%: 100 1M by subscription,

0.8M by lottery.
1744 1.8 100(3%) 3.33 3.33 3.33 3%: 93 1.2M by subscription,

0.6M by lottery,
premium of 3%.

1745 2.0 100(3%), 4.02 4.02 4.02 3%: 89 1.5 M. subscription,
L(1.125) 0.5 M lottery, life ann.

4L 10 for L 100 in lott.
1746 3.0 100(4%), 5.4 4.81 4.72 3%: 75-83 2.5 M subscription,

L(1.5) 4%: 91-94 0.5M lottery, life ann.
9L for L 100 in lott.

1747 4.0 110(4%) 4.4 3.73 3.54 3%: 85 plus a 10% premium
4%: 96 in bonds

(e�ective rate 4.4 %).
1747 1.0 100(4%) Lottery
1748 6.3 110(4%) 4.4 3.71 3.51 3%: 80 As the price fell,

4%: 90 payment dates
were delayed.

1750 1.0 100(3%) 3%: 100 Conversion Navy bills
SUM 20.7

Source : United Kingdom, Parliamentary Papers (1898), Grellier (1810), (1812).

For definitions of the items and descriptions of the computations, see the text.
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• Most of the national debt is at 4%

• Interest rate has decreased to 3%
– A bond that pays a coupon of 3 per year is priced at 100 (par):

• p = c / R    or   c = Rp   or 3 = 3% 100.  

• If the market expects the debt not to be redeemed, then a bond that pays a coupon of 4 
should be valued at 4/3 the price of a 3% bond, therefore 133.33
– If the bond is redeemable, the government should buy it back at 100.

• The expectation that the bond will be redeemed drives down the price of the bond.
– Suppose the price of the bond at 4% (with a coupon of 4) is q and the price of the 

bond at 3% is p. 

21



Overall view

• Let p be the price of a perpetual 
annuity (consol) with payment 
(coupon) c per year

• Long-term interest rate R

• Then: p = c / R
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During the war, the price 
of the consol falls :        

the interest rate rises  

Borrowing is high when 
its cost (the interest rate) 

is also high



Relative prices of annuities

• Suppose
– 3% annuity (annuity at face value 100 with a coupon of 3 per year)

• Not redeemable perpetual (just as an assumption)
• price p

– 4% annuity (annuity at face value 100 with a coupon of 4 per year)
• redeemed when the 3% annuity is a par (and the long-term rate is 3%)

– The policy of redemption is anticipated by the market

• price q

• The difference between the two assets is the difference of coupons: 4 – 3 = 1, before the 
redemption. That contingent annuity is priced by the market (anticipations) at

                  q - p

23



Actual interest reduction of 1749

• Conversion into bonds that provide (about) coupons of 
– 4 in 1750
– 3.5 for 6 years (non redeemable)
– 3 afterwards

• Late subscribers (March) received slightly less favorable deal

– Multiple equilibria in the game

• For those who do not want the exchange, payment through cash

24
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Expectations

• How did the market anticipate the interest reduction
– If well anticipated, the policy is perhaps less impressive

• Source: prices of the 3 percent and 4 percent bond

• One may assume that the 3 percent is not redeemable (changed into consols in 1753-- 
the main financial instrument of the public debt in England)

• The 4 percent is redeemable.

• The price difference q - p is the PV of the coupon of 1 per year (actually 0.5 every six 
months) until the redemption plus the premium at the time of redemption
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Course of the Exchange
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Dickson’s account (1967)
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Dickson’s account (1967)
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Dickson (in Quinn, 2008)
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Prices Consols and Bonds 1746- 1750

• Assumptions
– 3 percent is 

perpetual
– 4 percent is 

callable

q - p



• “consol” pays 3

• “bond” pays 4
– (redeemable)

34



Lower bound for the expected time to reduction

• Assumptions
– p* price of consol when the bond is 

redeemed
– T  time to reduction (random variable)
–     value of 1 pound, delivered at time T and 

viewed at time 0.
– p   price of consol;   q price of bond.  

35

4.1 A lower-bound for the expected time to redemption

In any year, the di�erence q � p is the value of a annuity paying 1 per year until the
time of the interest reduction. The di�erence evolves randomly over a decreasing trend
following the events of the war and the gradual nearing of its end. But this di�erence
was high throughout the war. A very rough computation shows that at the beginning
of 1748, the di�erence q � p is about 10 which means that the market expected to
have at least 10 coupons before the interest reduction. The government actually paid
less than 6 (2 before the reduction at the beginning of 1750 and the rest after). This
back-of the-envelope computation is now refined under the following assumption:

(i) a necessary condition for the interest reduction is that the consol is around par;

(ii) before the interest reduction the short-term interest is at least equal to a
“stable” value r� (which is the long-term value after the interest reduction);

(iii) the interest reduction takes the form of a conversion of the bond to the consol
with an additional cash payment h.

Let T be the number of years from any point in time (taken as 0) to the implementation
of the interest reduction. It is a random variable for which a lower-bound is now
established. Let V be the value of the contingent annuity paying L 1 per year before
the 4% bond is redeemed in the random period T , and let � the price of a zero-coupon
bond paying L 1 in that period T . The value of � is also the discount factor to the
random period T .

The consol is the sum of an amount a = 3 of the annuity paying 1 until period T and
a (perpetual) consol delivered at T . Likewise, the bond is the sum of an amount b = 4
of the same annuity and a consol delivered in period T with an additional lump-sum
payment h. The prices p and q of the two assets satisfy therefore the equations

p = aV + �p�, q = bV + �(p� + h), (1)

which are solved into

V (p, q) =
qp� � p(p� + h)
bp� � a(p� + h)

, � =
bp� aq

bp� � a(p� + h)
. (2)

The information conveyed by the prices of the two assets, p and q, is equivalent the
values of V and �, that have a simple interpretation. For the lower bound on the time
to redemption, we will use only the information in the annuity valuation, V . It is
shown in the Appendix that under the previous assumptions,

E[T ] ⇥ T̄ (V ) = �Log(1� r�V (p, q))
Log(1 + r�)

. (3)
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Following the previous discussion of the redemption policy, we can assume that before
the redemption, the interest rate is greater than r⇥, the rate at which the redemption
takes place (near 3%). Therefore, for any interest rate path and value of T , we have
the inequality

V ⇥ 1
1 + r⇥

�1� 1
(1+r�)T

1� 1
1+r�

⇥
=

1
r⇥

�
1� 1

(1 + r⇥)T

⇥
,

which is equivalent to
1

(1 + r⇥)T
⇥ 1� r⇥V.

Hence, for any expectations about the future path of interest rates,

E
⇤
e�TLog(1+r�)

⌅
⇥ 1� r⇥V.

Using the convexity of the exponential e�x and Jensen’s inequality, we find the equa-
tion (3) of the text.

E[T ] ⇤ T̄ (V ) = �Log(1� r⇥V )
Log(1 + r⇥)

.

For each value set of prices (p, q), which determines V in (2), the previous equation
defines a lower-bound on the expected time to redemption. Inversely, a given value of
the lower-bound T determines a lower-bound for the contingent annuity

V =
1
r

�
1� 1

(1 + r)T

⇥
,

which using (2) is equivalent to (4).

3. The arguments of John Barnard

Barnard wanted to lower the interest rate on the South Sea Annuities, old and new,
which he estimated at about 25 M. In his presentation, he recognizes the high price
of these annuities31 that was above 112 the 3% annuity at 106, (Figure 7). In that
period of peace, the surplus of revenues that came to the Sinking Fund and was used
to redeem the debt was “at least 1.3M annually”. Since the debt was redeemed at par
(through lottery), the redemption generated a capital loss whose rate was inversely
related to the amount of debt outstanding (assuming a constant flow of redemption–
Barnard’s assumption). A debt holder could receive one-for-one a 3% annuity that
was not redeemable for 14 years. In Barnard’s view, the 14 year clause was su�ciently

31“No man can reasonably expect the price of any of our stocks with fall lower than they are at

present, as long as peace continues, and the Sinking-Fund is regularly applied.” (Cobbett, p. 87).
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Lower bound for the expected time to int. reduction

• People were “too pessimistic”
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The dotted lines represent points with equal lower-bound expected time to redemp-
tion under the rules used in 1749 (in years), with an interest rate not smaller than
3% before the redemption.

Figure 3: Minimum expected time to redemption
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Older annuities: different expectations

• People were too 
pessimistic: 

• Expected a long 
time before the 
interest reduction
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Figure 6: The South Sea Annuities
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The 1746 annuity is represented by diagonal crosses before March 1748 and by dots
afterwards. The South Sea annuity is presented by stars before March 1748 and by
vertical crosses afterwards.
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